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Abstract
In the present investigation, we evaluate the in-medium partial decay widths of exited states
ψ(4040) and Y (4008) decaying to the pairs of non-strange pseudoscalar DD¯ mesons, strange pseu-
doscalar DsD¯s mesons, non-strange vector D
∗D¯∗ meson and pseudoscalar-vector DD¯∗ mesons
using 3P0 model. The in-medium effects are incorporated through the in-medium masses of daugh-
ter mesons (calculated using the chiral SU(3) model and QCD sum rule approach in our previous
works). We consider ψ(4040) and Y (4008) states as 33S1 states and observe the in-medium domi-
nance of one state over the other for a given decay mode. The results of the present investigation
will prove as one step forward in assigning the correct spectroscopic state to controversial Y (4008)
state.
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I. INTRODUCTION
In past few years, many hidden charmed states have been observed [1–13], which encour-
age us to enhance the knowledge of the non-perturbative regime of QCD. Many of these
states have been confirmed by the theoretical and experimental works. But their are some
states which still needed to be confirmed. For example, a state with mass 4008 ± 40+114−28
MeV and decay width Γ = 226±44±87 MeV, is still controversial. This was first observed by
the Belle collaboration [14]. Soon after this, Y (4008) state was not confirmed in the Babar
collaboration. After a while updated version of the Belle collaboration again confirmed this
state [15]. This inconsistency continues with the fresh results of BESII collaboration where
the state Y (4008) was not found [16]. In-order to have clear understanding of a particular
state great attention from both the theoretical as well as experimental works is required. In
this respect, authors tried to explain the properties of Y (4008) by considering it as D∗D¯∗
molecular state as well as ψ(3S) charmonium state [17]. In this work, author observed
comparable branching ratios of Y (4008) → J/ψπ+π− and Y (4008)→ J/ψπ0π0 and exper-
imental search for the new hidden channels like DD¯, DD¯∗ were proposed. Furthermore,
using non-relativistic screened potential model, author proposed Y (4008) as ψ(3S) state
[18]. Also, using 3P0 model, authors observed strong decay widths of Y (4008) state by con-
sidering it as ψ(33S1) state [19]. In this work authors predicted that, Y (4008) state can be
confirmed as ψ(33S1) state once it is observed above D
∗D¯∗ threshold. Apart from this, in
ref. [20] Y (4008) state was investigated as D∗D¯∗ molecule using one boson exchange model
but this idea was further rejected because of the huge width of the state. Furthermore, in ref.
[21], using coulomb gauge Hamiltonian approach, Y (4008) state was proposed as lightest
molecule of 1−− type with ηhc rather than DD¯ structure. However, using flux tube model
with four confinement model authors interpreted Y (4008) state as tetraquark state [cq][c¯q¯]
with 1P1. Moreover, in ref. [22] authors applied unified Fano-like interference picture to
electron annihilation process e+e− → π+π−J/ψ, and argued that Y (4008) is not a genuine
resonance. Recently, authors studied ψ(4040) state resonance using QFT approach [23]. In
this approach, authors argued that Y (4008) may be treated as a peak generated by ψ(4040)
and D¯∗D∗ loops with π+π−J/ψ in the final state [23]. Here, in all the above discussed
calculations no medium effects were included.
In future the PANDA experiment that will be benefited from the high intense p¯ beams
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which will be provided by the HESR of FAIR (in the momentum range 1.5 − 15 GeV) is
expected to explore wide range of charmonium states [24–26]. Hence there is a finite possi-
bility of production of these charmonium states in pp¯ annihilation of PANDA experiment.
Therefore, it is important to have prior knowledge of the properties of Y (4008) and ψ(4040)
states and the possible impact of the presence of the other mesons in the medium. In this
way, in the present investigation, we observed the in-medium strong decays of the states
ψ(4040)/Y (4008) decaying to DD¯, DD¯∗, D∗D¯∗ and DsD¯s pairs, using 3P0 model and tried
to put forward some possible conclusions to predict Y (4008) state in future. Further, the
state Y (4008) lies much closer to ψ(4040) state, which is well known state with quantum
number ψ(33S1), therefore in the present work we considered the same state for Y (4008).
The medium effects are incorporated through the in-medium masses ofD∗, D andDs mesons
calculated in our previous works [27–29]. In these papers, by using chiral SU(3) model along
with QCD sum rule approach we investigated the in-medium masses of vector D∗ (D∗+D∗0)
[27], pseudoscalar D (D+D0) [28] and strange pseudoscalar Ds [29] mesons in hot and dense
strange asymmetric medium.
The outline of the paper is as follows: In section II we first give brief discussion of chiral
SU(3) model and QCD sum rule approach used to calculate the in-medium mass of open
charm mesons. Section III will be devoted to the 3P0 model used to evaluate in-medium
strong decays of Y (4008) and ψ(4040) states. Then this will be followed by results and
discussion in section IV. We will summarise our work in section V.
II. CHIRAL SU(3) MODEL AND QCD SUM RULE APPROACH
Chiral SU(3) model is an effective theory based on the chiral property of quarks and non-
realization of chiral symmetry. In this model, we start with the effective Lagrangian density
which contains kinetic energy term, baryon meson interaction term which produce baryon
mass, self-interaction of vector mesons which generates the dynamical mass of vector mesons,
scalar mesons interactions which induce the spontaneous breaking of chiral symmetry, and
the explicit breaking term of chiral symmetry [40]. Further, using mean field approximation
we solve the effective Lagrangian density and through Euler Lagrange equation, we find the
coupled equation of motion in terms of non-strange scalar filed σ, strange scalar field ζ ,
scalar isovector field δ and dilaton field χ. Here, σ (∼ (uu¯+ dd¯)) is the non-strange scalar
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isoscalar field, ζ (∼ ss¯) is strange scalar isoscalar field, δ (∼ (uu¯ − dd¯)) is scalar isovector
field and χ is the scalar dilaton field. After solving these equations numerically, we calculate
the values of the light quark condensates 〈q¯q〉, strange quark condensates 〈s¯s〉 and gluon
condensates
〈
αs
pi
GaµνG
aµν
〉
, at finite temperature (T ), baryonic density (ρB), strangeness
fraction (fs) and isospin asymmetric parameter I [28, 28]. Also, the strangeness fraction
(fs) and isospin asymmetric parameter (I) are defined as fs =
∑
i
|si|ρi
ρB
and I = -
∑
i
I3iρi
2ρB
,
respectively. Where, si is the number of strange quarks of baryons, ρi is the number density
of the baryon of ith type and I3i is the z-component of the isospin for the i
th baryons [40].
Then we considered these in-medium values of various condensates as input in the QCD
sum rules analysis. In QCD sum rules we start with two point correlation function, which is
the Fourier transform of the expectation value of time-ordered product of isospin averaged
current of corresponding meson. Further, this two point function is decomposed into vacuum
and nucleon dependent part. Furthermore, the correlation function TNµν(ω, q) that appears
in the nucleon dependent part of two point correlation function can be expressed in terms of
forward scattering amplitudes TN (ω, q) for vector mesons [27] and T
0
N(ω, q) for pseudoscalar
open charm meson [28, 29]. Then the forward scattering amplitude in limit of q → 0, can
be expressed in terms of spin averaged spectral density, which can be further parametrised
in terms of three unknown parameters a, b and c. Moreover, the in-medium mass of vector
and psedoscalar meson is defined as δmD = 2π
mN+mD
mNmD
ρNaD [27, 42]. To evaluate the in-
medium mass, the unknown parameter a has be to be determined. The general criteria in
QCD sum rule approach equate the Borel transformation of the scattering matrix on the
phenomenological side with the Borel transformation of the scattering matrix for the OPE
side (which contains various condensates). The detailed procedures can be found in ref.
[27–29, 42]. This procedure will lead us to one equation with two unknown parameters. To
solve that equation we differentiate it w.r.t. 1
M2
, and then these two equations can be solved
to find two unknown parameters. Using this criteria we can find the in-medium mass of open
charm meson for in-medium masses of vector D∗, psuedoscalar D, strange pseudoscalar Ds
mesons.
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III. 3P0 MODEL AND IN-MEDIUM STRONG DECAYS OF Y (4008) AND ψ(4040)
To calculate the in-medium partial decay width of Y (4008) and ψ(4040) mesons, we use
3P0 model. In this model, the quark and antiquark pair is supposed to be created with
the vacuum 0++ quantum numbers [30, 31]. This model had been used in the past to
evaluate decay widths of OZI allowed two body decays mesons and baryons [32–35]. In
order to investigate the in-medium partial decay widths of above mentioned mesons we use
the transition operator as taken in [19], and find the helicity amplitude (for general decay
Y → DD¯) given by [36]
MMJY MJDMJD¯ = γ
√
8EYEDED¯
∑
MLY ,MSY ,MLD ,
MSD ,MLD¯
,MS
D¯
,m
〈1m; 1−m|00〉
×〈LYMLY SYMSY |JYMJY 〉〈LDMLDSDMSD |JDMJD〉〈LD¯MLD¯SD¯MSD¯ |JD¯MJD¯〉
×〈ϕ13Dϕ24D¯ |ϕ12Y ϕ340 〉〈χ13SDMSDχ
24
S
D¯
MS
D¯
|χ12SY MSY χ
34
1−m〉I
MLY ,m
MLD ,MLD¯
(K). (1)
Here in the above equations, EY= mY , ED =
√
m∗2D +K
2
D and ED¯ =
√
m∗2
D¯
+K2
D¯
represent
the energies of mesons. Further, mY is the mass of parent meson whereas, m
∗
D and m
∗¯
D
represented the medium masses of D and D¯ meson respectively. Also, γ is the strength of
the pair creation in the vacuum and its value is taken to be 8.42 [19]. We then calculate
the spin matrix elements 〈χ13SDMSDχ
24
S
D¯
MS
D¯
|χ12SY MSY χ
34
1−m〉 in terms of the Wigner’s 9j symbol
and the flavor matrix element 〈ϕ13Dϕ24D¯ |ϕ12Y ϕ340 〉 in terms of isospin of quarks as done in refs.
[19, 31, 36]. In eq. (1), I
MLY ,m
MLD ,MLD¯
(K) represents the spatial integral and is expressed in terms
of wave functions of the parent and daughter mesons. Further, in the present investigation,
we use simple harmonic oscillator type wave functions defined by
ψnLML = (−1)n(−ι)LRL+
3
2
√
2n!
Γ(n+ L+ 3
2
)
exp
(−R2k2
2
)
L
L+ 1
2
n (R
2k2)Ylm(k). (2)
Here, R is the radius of the meson, L
L+ 1
2
n (R2k2) represents associate Laguerre polynomial and
Ylm(k) denotes the spherical harmonic function. The expression for the decay amplitudes for
the given decay modes are calculated asM(1− → 0−+0−) =−
√
3
18
γ
√
8EAEBECI00,M(1− →
0−+1−) = −
√
6
18
γ
√
8EAEBECI00 andM(1− → 1−+1−) = (
√
5
9
− 1
18
)γ
√
8EAEBECI00. Here
the explicit expression of special integral can be given as
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I00 =


k
exp

k2
2


(
R
2
D
m1
m1+m3
+
R
2
D¯
m2
m2+m4
)2
(R2
Y
+R2
D
+R2
D¯
)
− ( RDm1
m1+m3
)2 − ( RD¯m2
m2+m4
)2




2
√
5π
5
4
(
R2Y +R
2
D +R
2
D¯
) 13
2 R
−11
2
Y (RDRD¯)
−3
2


×
[
4k4
(
R2D
(
m1
m1 +m3
)
+R2D¯
(
m2
m2 +m4
))4(
R2Y +R
2
D +R
2
D¯ − RD2
(
m1
m1 +m3
)
−R2D¯
(
m2
m2 +m4
))
+ 20
(
R2Y +R
2
D +R
2
D¯
)2(
3
(
R2Y +R
2
D +R
2
D¯
)− 7RD2
(
m1
m1 +m3
)
−7R2D¯
(
m2
m2 +m4
))
+ 8k2
(
R2D
(
m1
m1 +m3
)
+R2D¯
(
m2
m2 +m4
))2 (
R2Y +R
2
D +R
2
D¯
)
×
(
5
(
R2Y +R
2
D +R
2
D¯
)− 7R2D
(
m1
m1 +m3
)
− 7R2D¯
(
m2
m2 +m4
))
+ 20
(
R2Y +R
2
D +R
2
D¯
)2
R2Y
×
{
k2
(
R2D
(
m1
m1 +m3
)
+R2D¯
(
m2
m2 +m4
))2(
R2D
(
m1
m1 +m3
)
+R2D¯
(
m2
m2 +m4
)
−R2Y −R2D −R2D¯
)
+
(
5
(
R2D
(
m1
m1 +m3
)
+R2D¯
(
m2
m2 +m4
))
− 3 (R2Y +R2D + R2D¯)
}
× (R2Y +R2D +R2D¯))+ 15
(
R2Y +R
2
D +R
2
D¯
)4
R4Y
(
R2Y +R
2
D +R
2
D¯ − R2D
(
m1
m1 +m3
)
−R2D¯
(
m2
m2 +m4
))]
. (3)
Furthermore, using the Jacob-Wick formula [19, 37], the helicity amplitude can be trans-
formed into the partial wave amplitude:
MJL(Y → DD¯) =
√
2L+ 1
2JY + 1
∑
MJD ,MJD¯〈L0JMJY |JYMJY 〉
× 〈JDMJDJD¯MJD¯∣∣ JMJY 〉MMJY MJDMJD¯ ( ~K), (4)
where ~J = ~JD+ ~JD¯, ~JY = ~JD+ ~JD¯+ ~L, MJY = MJD +MJD¯ . Also the expression of decay
width is given as
Γ = π2
| ~K|
m2Y
∑
JL
|MJL|2, (5)
where, | ~K| represents the momentum of the D and D¯ mesons in the rest mass frame of
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Y meson and is given by,
| ~K| =
√
[m2Y − (m∗D −m∗¯D)2][m2Y − (m∗D +m∗¯D)2]
2mY
. (6)
Here, for the decay ψ(4040) → DD¯ the values corresponding to Y will be replaced by
ψ(4040). Thus, through the in-medium masses of above mentioned mesons we can calculate
the in-medium partial decay widths of above mentioned processes.
IV. RESULTS AND DISCUSSION
We shall now describe the various parameters used in the present analysis and elaborate
the results of the in-medium partial decay width of the processes ψ(4040)/Y(4008) → DD¯,
ψ(4040)/Y(4008) → D∗D¯∗, ψ(4040)/Y(4008) → DD¯∗ and ψ(4040)/Y(4008) → DsD¯s. We
take the masses of u, d, s and c quaks as 0.33, 0.33, 0.55 and 1.6 GeV respectively [19, 38].
Further the value of RA is chosen to be 3.13 and 2.27 GeV
−1 for ψ(4040) and Y (4008) states
respectively [19].
In fig. 1 we present the variation of the partial decay width of the processes ψ(4040) →
D++D−, ψ(4040)→ D0+D¯0, ψ(4040)→ D∗++D∗− and ψ(4040)→ D∗0+D¯∗0 as a function
of baryonic density, in an isospin asymmetric hot and strange hadronic matter. We observe
that, for any constant value of the temperature (T ), isospin asymmetric parameter (I) and
strangeness fraction (fs) of the medium, the value of the partial decay width of the above-
mentioned processes first decrease to zero till certain value of the baryonic density (ρB ≈ 0
− 1.5ρ0), then beyond this value it start increasing with an increase in the baryonic density.
The observed node in these partial decay widths is caused by the polynomial part present
in eq. (3), which becomes zero at this value of baryonic density (ρB = 0 − 1.5ρ0). Further,
by keeping the other parameters of the medium fixed, on moving from cold (T = 0) to hot
medium (T = 100 MeV), the values of the partial decay widths decrease and this happens
because of an increase in the mass of the open charm meson as a function of temperature
of the medium. Therefore, this causes a drop in the decay channels of the respective decay
processes. On the other hand, on shifting from nuclear (fs = 0) to strange hadronic medium
(fs = 0.5) we observe an enhancement in the value of partial decay width of the respective
processes. This can be understood on the basis that mass of the open charm mesons drop
more in the strange hadronic medium as compared to nuclear medium and this enhances the
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FIG. 1: Figure shows the variation of in-medium partial decay widths of the decays ψ(4040) →
D+D−/ψ(4040) → D0D¯0 and ψ(4040) → D∗+D∗−/ψ(4040) → D∗0D¯∗0 as a function of baryonic
density in an isospin asymmetric strange hadronic medium.
decay channel of the processes. Furthermore, the impact of the finite isospin asymmetric
parameter (I = 0.5) is to cause different shift in the masses of the isospin doublets (D0,
D+), therefore on moving from symmetric (I = 0) to isospin asymmetric (I=0.5) medium
we observe different behaviour of ΓD0D¯0(ψ(4040)) and ΓD+D−(ψ(4040)). Here, the observed
value of ΓD0D¯0(ψ(4040)) is higher as compared to ΓD+D−(ψ(4040)). This can be understood
on the basis of the more drop in the mass of D0 meson as compared to D+ meson (for
detailed discussion refer [28]). In addition, in the present investigation, we observe much
higher value of strong decay width of ψ(4040) state decaying to vector D∗+D∗− / D∗0D¯∗0
pairs as compared to the pseudo-scalar pairs. This behaviour is observed because by using
3P0 model we calculated the decay amplitude (appearing in eq. (4)) as,M(1− → 0−+0−) =
−
√
3
18
γ
√
8EAEBECI00, and M(1− → 1− + 1−) = ( 118 −
√
5
9
)γ
√
8EAEBECI00. Therefore, due
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FIG. 2: Figure shows the variation of in-medium partial decay widths of the decays Y (4008) →
D+D−/Y (4008) → D0D¯0 and Y (4008) → D∗+D∗−/Y (4008) → D∗0D¯∗0 as a function of baryonic
density in an isospin asymmetric strange hadronic medium.
to the dominance of the calculated decay amplitude(for the decay of type 1− → 1−+1−) the
higher value of in-medium partial decay width is observed. Further, at low baryonic density
of the medium the value of ΓD∗0D¯∗0(ψ(4040)) is more as compared to ΓD∗+D∗−(ψ(4040)).
This is because of the more drop in the mass of D∗0 meson as compared to D∗+. However,
further increase in the baryonic density of the medium causes much big drop in the mass
of D∗0 meson and nodel structure of the wave function comes into play which causes more
decrease in the value of ΓD∗0D¯∗0(ψ(4040)) as compared to ΓD∗+D∗−(ψ(4040)).
In fig. 2 we show the variation of partial decay widths of the processes Y (4008) →
D+D−/D0D¯0, in subplot(a - d) and Y (4008) → D∗+D∗−/D∗0D¯∗0, in subplot(e - h) as
a function of baryonic density of the medium. We observe an increase in the value of
ΓD+D−(ψ(4008)) and ΓD0D¯0(ψ(4040)) with an increase in the baryonic density of the medium,
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FIG. 3: Figure shows the variation of in-medium partial decay widths of the decays Y (4008) →
D+D∗0/Y (4008) → D∗0D¯0 and ψ(4040) → D+D∗0/ψ(4040) → D∗0D¯0 as a function of baryonic
density in an isospin asymmetric strange hadronic medium.
by keeping the other parameters of the medium fixed. Furthermore, the partial decay width
of Y (4008) state decaying to vector D∗D¯∗ pairs first increases till the peak value and then
decreases with further increase in the baryonic density of the medium. This happens be-
cause more drop in the mass of D∗ mesons cause decrease in the value of polynomial part
present in eq. (3) and this happens because of the nodal structure of the wave functions
used in the present investigation. Here we point out that, the different in-medium be-
haviour of ΓDD(ψ(4008))(ΓD∗D∗(ψ(4008))) as compared to ΓDD(ψ(4040))(ΓD∗D∗(ψ(4040)))
is because of the different masses and RA values taken for ψ(4008) and Y (4040) states in
3P0 model. Further, as mentioned earlier, the large value of ΓDD(ψ(4008)) as compared to
(ΓD∗D∗(ψ(4008))) is because of the dominance of decay amplitude M(1− → 1− + 1−) over
the decay modeM(1− → 0−+0−). In addition to baryonic density of the medium the finite
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FIG. 4: Figure shows the variation of in-medium partial decay widths of the decays Y (4008) →
DsD¯s and ψ(4040) → DsD¯s as a function of baryonic density in an isospin asymmetric strange
hadronic medium.
strangeness fraction, isospin asymmetric parameter and temperature of the medium also have
significant impact the values of partial decay widths. For example, on moving from nuclear
to strange hadronic medium the values of ΓD+D−(ψ(4008)) and ΓD0D¯0(ψ(4008)) increase.
However, beyond the peak value (≈ 17 MeV), the decay channel for the decay Y (4008)
→ D0D¯0 drops because of the nodal structure that comes into play with the large drop in
the mass of the neutral pseudoscalar D0 meson (in strange hadronic matter, as discussed
earlier). On the other hand, before the peak value (≈ 100 MeV) values of ΓD∗+D∗−(ψ(4008))
and ΓD∗0D¯∗0(ψ(4008)) are more than that of non-strange medium, whereas beyond the peak
value this trend reverses. This drop in the partial decay widths occurs because of the nodal
structure of the wave functions. Also, the large drop in the neutral vector D∗0 meson causes
much more drop in the partial decay width of process Y (4008) → D∗0 + D¯∗0 so that we ob-
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served nodes in this particular decay. However, beyond the nodal point, i.e. ρB ≈ 1.2ρ0 the
finite strangeness faction enhances the value of ΓD∗0D¯∗0(ψ(4008)). Apart from this, the im-
pact of finite temperature is opposite to the above mentioned trend. For example, in a region
where the nodal structure is dominant (i.e. decay width is decreasing) the finite temperature
causes increase in the partial decay width, whereas on moving from symmetric to isospin
asymmetric medium we observe different modification in the values of ΓD∗+D∗−(ψ(4008))
and ΓD∗0D¯∗0(ψ(4008)).
Moreover, in fig. 3 we represent the values of the partial decay widths of the
processes Y (4008) → D+D∗−/ D∗0D¯0 and ψ(4040) → D+D∗−/D∗0D¯0 as a func-
tion of baryonic density of the medium. We observe that, in cold symmetric nu-
clear medium, with an increase in the baryonic density of the medium till ρB =
0.5ρ0, the values of ΓD+D∗−(ψ(4008))/ΓD0D¯∗0(ψ(4008)) decrease whereas, the values of
ΓD+D∗−(ψ(4040))/ΓD0D¯∗0(ψ(4040)) increase. However, beyond this point, further increase in
baryonic density reverses this trend for the both the processes. This happens because of the
polynomial part present in the integration eq. (3), which becomes zero at ρB = 0.5ρ0 and
behaves opposite for Y (4008) and ψ(4040) states. Further, in cold symmetric medium, on
moving from nuclear to strange hadronic medium (i.e., fs = 0 → 0.5) the values of partial
decay widths ΓD+D∗−(ψ(4008)) and ΓD0D¯∗0(ψ(4008)) increase and this happens because of
the drop in the mass of open charm meson. However, the values of ΓD+D∗−(ψ(4040)) and
ΓD0D¯∗0(ψ(4040)) decrease in the presence of strange hyperons (in addition to nucleons) in
the medium. On the other hand, finite temperature (T = 100 MeV) causes drop in the
values of ΓD+D∗−(ψ(4008)) and ΓD0D¯∗0(ψ(4008)), whereas, an enhancement in the values
of ΓD+D∗−(ψ(4040)) and ΓD0D¯∗0(ψ(4040)), on keeping the other properties of the medium
fixed.
Furthermore, in fig. 4 we present the values of the partial decay widths of the processes
Y (4008) → DsD¯s and ψ(4040) → DsD¯s as a function of baryonic density in hot and dense
asymmetric strange haronic medium. We notice that in cold and symmetric nuclear medium
the values of ΓDsD¯s(ψ(4040)) and ΓDsD¯s(ψ(4008)) decrease with an increase in nuclear density
of the medium. Finite strangeness fraction causes an increase in the value of ΓDsD¯s(ψ(4008)),
whereas drop in the value of ΓDsD¯s(ψ(4040)). These in-medium partial decay widths are
much sensitive to the presence of the strange hadrons in the medium, and this can be
understood on the basis of the quark content of Ds(cs¯) meson. Further, as discussed in
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ρ0 4ρ0
Γ
D0D¯0
Γ
D∗0D¯0+c.c.
Γ
D∗0D¯∗0
Γ
D∗0D¯0+c.c.
Γ
D0D¯0
Γ
D∗0D¯0+c.c.
Γ
D∗0D¯∗0
Γ
D∗0D¯0+c.c.
Y (4008) 1.56 2.06 0.42 0.52
ψ(4040) 0.083 4.2 17.3 39.6
TABLE I: Table shows the ratio of the relevant strong decay width of Y (4008) and ψ(4040) states
in cold and symmetric nuclear medium.
ρ0 4ρ0
Γ
D+D−
Γ
D∗+D−+c.c.
Γ
D∗+D∗−
Γ
D∗+D−+c.c.
Γ
D+D−
Γ
D∗+D−+c.c.
Γ
D∗0D¯∗0
Γ
D∗0D¯0+c.c.
Y (4008) 0.0099 0.786 0.30 6.85
ψ(4040) 18.79 115 1.14 0.75
TABLE II: Table shows the ratio of the relevant partial decay width of Y (4008) and ψ(4040) states
in cold and symmetric nuclear medium.
our previous work [29], the in-medium mass (calculated using QCD sum rules) of Ds meson
is much sensitive to the in-medium strange quark condensates 〈ss¯〉 (calculated using chiral
SU(3) model) which is much sensitive to the strange scalar field ζ and this field is more
dependent on the presence of the strange quarks in the medium. In this sense, the significant
change in the mass of the Ds meson at finite strangeness fraction causes significant change
in the values of ΓDsD¯s(ψ(4008)) and ΓDsD¯s(ψ(4040)).
Further, finite temperature of the medium enhances (decreases) the probability of Y (4040)
(ψ(4008)) state to decay to DsD¯s pairs. This happens as the finite temperature causes an
increase in the mass of Ds meson and this further causes an increase (decrease) in the values
of polynomial part present in eq. (3) for the decay Y (4040) → DsD¯s (Y (4008) → DsD¯s).
Also, because of the more vacuum mass of ψ(4040) state as compared to Y (4008) state the
vacuum value of ΓDsD¯s(ψ(4040)) is more than the value of ΓDsD¯s(ψ(4008)). However, in
future if we can confirm this value for the state Y (4008) in strange hadronic matter, then
this may prove the state with quantum number 33S1. However, before to make any definite
conclusion more work in the theoretical as well as experimental side is required.
We shall now compare the results of the present calculation with the previous works. As
far as our knowledge regarding the literature is concerned, no in-medium partial decay widths
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of ψ(4040) and Y (4008) were observed. However in [33] authors found the vacuum values of
ΓDD¯(ψ(4040)), ΓD∗D¯∗(ψ(4040)), ΓDD¯∗(ψ(4040)) and ΓDsD¯s(ψ(4040)) as 0.1, 33, 33 and 7.8
MeV respectively. On the other hand, in [19] the values of partial decay widths of ψ(4040)
states decaying to DD¯, D∗D¯∗, DD¯∗ and DsD¯s pairs were observed to be 11.11, 23.39,
43.02 and 2.18 MeV, respectively. We can compare these values with the present results of
ΓD+D−(ψ(4040)), ΓD0D¯0(ψ(4040)), ΓD∗+D∗−(ψ(4040)), ΓD0∗D¯0∗(ψ(4040)), ΓD+D∗−(ψ(4040)),
ΓD0D¯0∗(ψ(4040)) and ΓDsD¯s(ψ(4040)) as 3, 2.3, 13.5, 40, 17, 9.4 and 3 MeV respectively,
at nuclear saturation density, zero temperature and symmetric nuclear medium. Likewise,
at ρB = 4ρ0 the above values shift to 8, 67, 45, 30, 6.6, 0.7 and 2.5 MeV respectively at
zero temperature symmetric nuclear medium. Apart from this, in table I and table II we
give numerical results of the relevant ratios of the partial decay widths. We can compare
these results with the results of ref. [19], where authors found the values (for parent meson
ψ(4040)) ΓDD¯
ΓD∗D¯+c.c.
and ΓD∗D¯∗
ΓD∗D¯+c.c.
as 0.26 and 0.54 respectively. Further, for parent meson
Y (4008) the above values were observed to be 1.26 and 6.06 rexpectively. On the other hand,
in ref. [33] for parent meson ψ(4040) the values of
Γ
DD¯
Γ
D∗D¯+c.c.
and
Γ
D∗D¯∗
Γ
D∗D¯+c.c.
were observed to
be 0.003 and 1 respectively. Here as mentioned earlier, in [19, 33] no medium effects were
included.
On the other hand, in the present analysis, the parent mesons are not subjected to the
medium modifications. To the best of our knowledge regarding the literature, no work is
available to calculate the in-medium mass of ψ(4040) and Y (4008) states. However, to
understand the extent of medium shift of parent mesons on the observed partial decay
widths, we recall the in-medium shift in the mass of J/ψ, ψ(3686) and ψ(3770) states
calculated using perturbative QCD approach [39] and chiral SU(4) model [41]. In ref. [39]
authors observed that, using the D meson loop effect, the mass of J/ψ, ψ(3686) and ψ(3770)
states decrease by 0.25%, 3.5% and 3.3% from their vacuum values at nuclear saturation
density in cold symmetric nuclear medium. However, in ref. [41] using chiral SU(4) model
authors found the decrease in the mass of J/ψ, ψ(3686) and ψ(3770) states by 0.27%, 3.17%
and 4.1% from their vacuum values, at ρB = ρ0 cold symmetric nuclear medium. In the
similar way, we expect drop in the masses of ψ(4040) and Y (4008) states. Therefore, at
ρB = ρ0, if we allow 4% drop in the masses of ψ(4040) and Y (4008) states then the values
ΓD+D−(ψ(4040)) (ΓD+D−(ψ(4008))), ΓD0D¯0(ψ(4040)) (ΓD0D¯0(ψ(4008))), ΓD∗+D∗−(ψ(4040))
(ΓD∗+D∗−(ψ(4008))) and ΓD0D¯0(ψ(4040)) (ΓD0D¯0(ψ(4008))) are observed to be 0.65 (4), 0.21
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(9.7), 13 (79) and 40 (44) MeV, respectively, at ρB = ρ0, cold symmetric nuclear medium.
Clearly, these values are different from the previously discussed values (without considering
the in-medium parent meson masses). Therefore, before to make definite conclusion about
Y (4008) state the prior knowledge of the shift in mass is important and we leave this for the
future as it requires separate study. Also, we leave the results of the present investigation
wait for a check in the forthcoming future experiments and predictions from the other
theoretical models.
The detailed study of mass modification of ψ(4040) and Y (4008) states in hot and dense
strange hadronic medium and its possible impact on the in-medium study of the partial
decay widths as well as on the possibility of the molecular state will be the aim of our future
work.
V. SUMMARY
Under 3P0 model calculations, the in-medium partial decay widths of ψ(4040) and
Y (4008) states decaying to a pair of open charm mesons are studied for the first time. We
observed significant impact of the in-medium mass modifications of D, D∗ and Ds mesons on
the partial decay widths of the processes ψ(4040) and Y (4008) states decaying to DD¯, DD¯∗,
D∗D¯∗ and DsD¯s pairs. The in medium masses of these open charmed mesons are taken as
input in the 3P0 model in-order to observe the in-medium partial decay widths of above
mentioned processes. We observed that simple drop in the mass of daughter open charm
meson does not simply enhance the decay channel, the nodal structure of the wave function
also contribute significantly. Even though the masses of two parent mesons are very close
but we observed different variation of their partial decay widths at finite baryonic density,
strangeness fractions, temperature and isospin asymmetric parameter of the medium. Here
we seek for the more theoretical work from other models for the cross checking of our results
of the present analysis.
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